SUMMARY Blood pressure was measured in the north and in the south of the People's Republic of China in 1002 men and 1006 women. The 24-hour urinary excretion of sodium, potassium, calcium, magnesium, and creatinine was measured, and the relationship between urinary cations and blood pressure was studied. Blood pressure and 24-hour sodium excretion were higher in northern China than in southern China. With some exceptions, a positive correlation was found between urinary sodium and blood pressure and a negative one between 24-hour urinary potassium excretion and blood pressure. Urinary calcium correlated negatively and urinary magnesium did not correlate significantly with blood pressure. The sodium/potassium ratio correlated positively with blood pressure, and the calcium/magnesium ratio, negatively. This study confirms the positive within-population relationship between sodium intake and blood pressure in Oriental populations. (Hypertension 9: 654-659, 1987) KEY WORDS • blood pressure • epidemiology • sodium • potassium • calcium magnesium * sodium/potassium ratio * calcium/magnesium ratio A LARGE amount of epidemiological evidence links sodium consumption to blood pressure . level and cerebrovascular mortality.
male and 360 female farmers among the participants. The nonfarmers were mostly industrial workers (34%), army officers (31%), students (18%), medical personnel (14%), and housewives (18% of female sample) living in the cities of Beijing and Fuchow. All participants were on a typical Chinese diet rich in complex carbohydrates (rice) and low in fat, animal protein, and alcohol. 8 They were examined between November 1984 and January 1985. Participation was on a voluntary basis, and informed consent was obtained from the participants.
Anthropometric data were obtained. Weight was measured with the participant wearing usual light indoor clothing without shoes. Blood pressure was measured to the nearest 2 mm Hg using a standard mercury sphygmomanometer and with the subject in the supine position. Systolic blood pressure (SBP), diastolic blood pressure (DBP) phases IV and V, and heart rate were recorded three times at 3-minute intervals by trained nurses at the participant's working site. DBP phase IV was used for the analysis, as several outliers were present in the phase V measurements. The averages of the three measurements were used in the statistical analysis.
On the day after the clinical visit a 24-hour urine sample was collected. All participants were instructed on how to perform the collection in order to minimize urine loss. For urine acidification 10 ml of glacial acetic acid was added to all urine containers (maxi-mum volume, 2.8 L). Volume was measured to the nearest 20 ml, and two samples were taken for the measurement of sodium, potassium, calcium, magnesium, and creatinine. The samples were stored at -20°C and airfreighted to Belgium, where they arrived frozen. All biochemical determinations were performed in the laboratory of the Division of Epidemiology of the University of Leuven. Sodium and potassium were measured by means of emission flame photometry, calcium by means of complexometric titration with EGTA, and magnesium by means of atomic absorption spectrophotometry. Urinary creatinine was measured by the method of Jaffe\ 9 The results were submitted to univariate and multiple regression analysis. The multiple regression analysis was done in a stepdown fashion: with all factors included in the analysis the least significant is eliminated at each successive step until all factors in the final regression equation are significant at a p level of less than 0.05 (r> 1.96). The data for men and women were analyzed separately.
As the blood pressure levels were different in the north and south, no pooled data were used and the analysis was performed separately for each region. The 24-hoiir urinary creatinine is included as an independent variable in the multiple regression analysis model as an indicator of completeness of the 24-hour urine collection.
Results
Anthropometric data, blood pressure measurements, and 24-hour urinary cation and creatinine excretions are given as means ± SD in Table 1 . Blood pressure was higher in northern China than in southern China, in male as well as in female participants. The 24-hour urinary sodium, potassium, and magnesium excretions were higher in northern China than in southern China. Conversely, the 24-hour urinary calcium excretion was higher in the south than in the north. The values given in Table 1 also indicate that the 24-hour urinary creatinine excretion was lower than that in Western populations, even if expressed in milligrams per kilogram of body weight. 10 The independent influence of the 24-hour urinary cations oh blood pressure was studied by means of multiple regression analysis. The results are given as partial regression coefficients and corresponding t values in Tables 2 through 5 , together with the lists of the variables included in the regression models. The results of the final regression equation, including all significant factors, are given.
As can be seen in Tables 2 through 5 , age, height, and especially weight were, in most cases, independently associated with blood pressure. Whenever 24-hour urinary sodium was independently associated with blood pressure, the effect was positive, whereas the effect of 24-hour urinary potassium excretion on blood pressure was negative. The 24-hoilr urinary calcium excretion was negatively associated with blood pressure in univariate and multivariate analysis, but only in northern men. Urinary magnesium excretion did not correlate significantly with blood pressure in men or women in either region. In all subgroups, however (i.e., north, south; men, women; SBP, DBP) the sign of the nonsignificant partial regression coefficient of urinary magnesium excretion was positive.
Multiple regression analysis was also performed on SBP and DBP with the inclusion as independent factors of age, height, weight, heart rate, and the Na/K and Ca/Mg ratios. In northern China the Na/K ratio demonstrated a significant positive correlation with SBP and DBP, both in men and in women, while the Ca/Mg ratio demonstrated a significant negative correlation with SBP in men and women but with DBP in Constants for north and south art 145.0 and 95.6, respectively. See Table 2 for explanation of terms.
men only. In southern China a significant positive correlation was found in both men and women for the Na/K ratio and SBP only. The partial regression coefficients for the molar Na/K ratio on SBP varied between 0.650 and 0.967 for SBP and 0.402 and 0.751 for DBP. In the north 24-hour urinary creatinine excretion showed a strong negative correlation with blood pressure: a creatinine increase of 1 g resulted in an SBP decrease of 8 mm Hg in men and 13 mm Hg in women, and a DBP decrease of 5 mm Hg in men and 6 mm Hg in women. Per 100 mmol of 24-hour urinary sodium excretion, a significant blood pressure increase of 2.1 to 3.9 mm Hg was observed.
In general, the results of the multiple regression analysis indicate that only large variations in 24-hour urinary cation excretion gave rise to biologically significant variations in blood pressure and that, per millimole, potassium was more strongly associated with blood pressure than was sodium. The ratio of effectiveness in influencing blood pressure between sodium and potassium was 7.9 in southern women for SBP (see Table 2 ) and 3.8 in northern women for DBP (see Table 5 ).
Discussion
Strong epidemiological evidence exists linking sodium intake to blood pressure regulation. In Oriental populations with a high sodium intake, cerebrovascular mortality and hypertensive heart disease prevalence are equally high. 1 * 3 However, even these data should be interpreted with caution since sodium is not the only differing variable in the diet of Eastern compared with Western populations. In general, Oriental populations have a diet low in animal protein and fat and high in complex carbohydrates. They consume less vegetables and fruit than do Western populations and therefore have a low urinary potassium excretion.
In primitive societies where sodium intake is very low, blood pressure is also low and remains so during the whole life span. 4 In these societies, infectious dis- Table 2 for explanation of terms. Constants for north and south are 79.2 and 93.4, respectively. See Table 2 for explanation of terms. eases are rampant, obesity is absent, and potassium intake is very high. 4 Although these epidemiological data are supported by results from clinical and experimental studies, the fact remains that in cross-sectional studies performed in Western populations it is nearly impossible to demonstrate a positive within-population correlation between sodium intake and blood pressure. On the contrary, such an association is either absent or negative. 6 ' " In Oriental populations, however, a positive correlation generally has been found between sodium intake, as reflected by 24-hour urinary sodium excretion, and blood pressure. '~3 The same comment applies to the Na/K ratio, which correlates positively with blood pressure in Japan 12 and in the PRC 13 but negatively in Belgium. 6 The relationship between cations and blood pressure became even more complicated after the discovery that calcium and magnesium may also play a role in blood pressure regulation. Serum total calcium 14 and urinary calcium 3 ' 6 have been shown to correlate significantly and positively with blood pressure, whereas in a Western population (Belgium) urinary magnesium correlated negatively with blood pressure. 6 The significant interaction between the serum total calcium level and the urinary excretion of sodium and potassium 5 revealed the importance in epidemiological studies of examining not only the sodium and potassium intake but also the calcium and magnesium intake. Measurement of 24-hour urinary excretion of sodium and potassium is an acceptable method of studying the intake of these ions. With respect to calcium and magnesium, however, 24-hour urinary excretion measurement only allows one to make a statement about the quantity of these ions excreted in the urine and their relation to blood pressure. The true relationship between calcium intake and blood pressure is still largely unknown. Some experimental and clinical evidence points to a negative correlation between calcium intake and blood pressure, 13 but this is contradicted by epidemiological data demonstrating that countries with a very high calcium intake may have a high prevalence of hypertension and cerebrovascular disease. 16 The available evidence remains contradictory. 17 '"
In the present study we measured the 24-hour urinary excretion of sodium, potassium, calcium, magnesium, and creatinine in two Chinese population samples. As the diet is known to differ between northern and southern Chinese regarding sodium intake, with a higher intake in the north, we decided to examine a population sample in northern as well as in southern China. Other dietary differences between the regions are that more fish is eaten in the region of Fuchow (southern China) and more meat in the region of Beijing (northern China), but the intake of these food items is relatively low. Both centers received similar instructions regarding the standardization of blood pressure measurement, and the importance of a complete collection of 24-hour urine was emphasized. At the time of the study (November through January) the climate was mild in Fuchow and cold in Beijing. Differences in temperature and humidity, however, can never be completely avoided between regions at a large distance, and for logistic reasons we preferred to perform both studies simultaneously.
As can be seen from the results, blood pressure and sodium excretion were higher in northern China than in southern China. The rise of blood pressure with age and body weight was also higher in northern China. The 24-hour urinary excretion of potassium was low even when compared with that in Korea, another Oriental country. 1 The Na/K ratio was high and ranged between 5.86 and 7.39 in men and between 5.47 and 6.86 in women in the different 10-year age classes. These values are much higher than the value of about 2.3 observed in Belgium. 6 Our findings in the PRC confirm our observations in Korea 1 of a significant, positive within-population correlation between sodium and blood pressure and a significant negative correlation between potassium and blood pressure. Contrary to our findings in Belgium and Korea, 1 14 however, we observed a significant negative correlation in the PRC between urinary calcium excretion and blood pressure. As a result, in the PRC, the Na/K ratio correlated positively and the Ca/Mg ratio negatively with blood pressure.
In this study we wanted to investigate the association and interrelationship of sodium, potassium, calcium, and magnesium and blood pressure. Each participant collected only one 24-hour urine sample, which is not enough to characterize an individual subject's habitual sodium intake. In Western countries up to fourteen 24-hour urine samples are required for a correct estimation of sodium intake." In Oriental populations, however, because of a more standardized diet, resulting in a lower intraindividual-to-interindividual variance of 24-hour urinary sodium excretion, only three 24-hour urine samples are necessary. 13 -20 Therefore, it was possible to demonstrate an independent positive relationship between the Na/K ratio and blood pressure in a small population group of 40 men and 50 women. 13 In the previously mentioned study 13 age and body mass index did not correlate independently with blood pressure, which is a rather unusual finding, contradicting our findings in the PRC.
Creatinine was included in the multiple regression analysis to make this study conform to our previous ones. Initially, 24-hour urinary creatinine excretion was considered a measure of the completeness of the 24-hour urine collection, but this remains questionable." The underlying reasons for its negative association with blood pressure are unexplained so far. Whether urinary creatinine could be an indicator of animal protein intake remains to be established.
Whenever significant, the influence of sodium on blood pressure remained relatively weak. From Tables 2 through 5 it appears that a 100-mmol increase of 24-hour urinary sodium was associated with an SBP increase in men of 3.9 mm Hg in the north and of 2.8 mm Hg in the south and of 3.8 mm Hg in women in the north only and with an increase in DBP of 2.1 and 2.5 mm Hg for men and women, respectively, but again only in the north. Moreover, the unadjusted Pearson product-moment correlation coefficients between sodium and blood pressure were even weaker than the partial correlation coefficients and often of opposite sign. It also appears that, whenever significant, potassium (per mmol) was definitely more effective in lowering blood pressure than sodium was in raising it. Both findings are in agreement with the results obtained in Korea. 1 The urinary molar Ca/Mg ratio showed a strong negative relationship with blood pressure; however, the limits within which the Ca/Mg ratio can be manipulated by dietary means remain to be established.
The use of urinary cation ratios for the study of the relationship between urinary cations and blood pressure needs some clarification. The use of the Na/K ratio seems logical, as the available evidence points toward an opposite effect of sodium and potassium on blood pressure. Exchange mechanisms between sodium and potassium exist at the cellular level, in the heart, in the vascular smooth muscle, and in the kidney. These mechanisms can play a role in the genesis of hypertension. 21 Calcium and magnesium can also act as antagonists, since magnesium can inhibit the uptake of calcium by myocardial cells. 22 In the PRC the urinary Ca/Mg ratio demonstrated the strongest negative relation with blood pressure.
The reasons for the different behavior of cations in their relation to blood pressure within different populations is not yet clear -in particular, the reason why urinary calcium correlates positively with blood pressure in Korea and negatively in the PRC while the diet of these populations is by and large very similar. The level of 24-hour urinary calcium excretion was higher in southern China than in northern China, but in both regions it is lower than in Korea. 1 The expected negative correlation between urinary magnesium excretion and blood pressure was also contradicted by our findings in the PRC. In all our population studies the same independent variables (i.e., age, height, weight, heart rate, and 24-hour urinary creatinine excretion) were included in the regression model together with the different 24-hour urinary cations. Thus, the different be-havior of calcium and magnesium in different populations could not be ascribed to the use of a different regression model.
In Western populations the relationship between cations and blood pressure can be confounded by subjects with a high blood pressure who reduce their salt intake and by subjects with a low blood pressure who might actually increase their salt intake. The complexity of the relationship between cations and blood pressure is further underlined by the differences found in the PRC when men were compared with women, farmers with nonfarmers, and northern China with southern China. Whether differences in animal protein intake, which is low in the PRC and other Oriental populations compared with Western populations, may play a role in determining the level of blood pressure and the relationship between cations and blood pressure is speculative. In Japan experimental and epidemiological evidence has accumulated demonstrating a blood pressure-lowering effect of animal protein."
In conclusion, the relationship between urinary cations and blood pressure remains very complex. Our present findings confirm that in an Oriental population sodium intake correlates positively and potassium intake negatively with blood pressure. The relationship at the population level between calcium and magnesium and blood pressure remains unclear. 
